Charged bottomonium-like structures in the hidden-bottom dipion decays of T(l 1020) 
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Under the Initial Single Pion Emission mechanism, we study the hidden-bottom dipion decays of Y(11020), 
i.e., Y(11020) -» r{nS)n*n-_{n = 1,2,3) and T(11020) h,,{mP)n+7T- (m = 1,2). We predict exphcit sharp 
peak structures close to the BB' and B* 6* thresholds and their reflections in the T( 1 S , T(25 )n* and /14 ( 1 P)n^ 
invariant mass spectrum distributions. We suggest future experiment, i.e.. Belle, BaBar, and forthcoming Bellell 
or Super-B, carry out the search for these novel phenomena, which can provide important test to the Initial Single 
Emission mechanism existing in higher bottomonia. 
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Recently we have proposed a new decay mechanism. Ini- 
tial Single Pion Emission (ISPE) Ijl, existing in the hidden- 
bottom dipion decays of Y(55'). By the ISPE mechanism, 
we have succeeded in producing two charged bottomonium- 
like structures in the T{nS)7T'^ {n - 1,2,3) and hb(mP)n^ 
(m =1,2) invariant mass spectrum distributions f!]], which are 
above the BB* and B*B thresholds, respectively. What is most 
important is that these peak structures appear exactly at the en- 
ergies corresponding to two charged 2^(106 10) and Z;,( 10650) 
newly observed by the Belle Collaboration lyj]. In our previ- 
ous work llll, we introduced the intermediate Zfe(10610) and 
Zi,( 1 0650) contribution to the Y(55' ) hidden-bottom dipion de- 
cay, where we have solved the puzzling on the cos distribu- 
tion of T(55) r(2S)7T^7i- given by Belle H. To some 
extent, the work presented in Ref. iH adopted different as- 
sumptions compared with Ref. ■ 

Following Ref. |.1J, we have applied the ISPE mecha- 
nism to the hidden-charm dipion decays of i/'(4040), i/'(4160), 
(/'(4415), and 7(4260), and two charged charmonium-like 
structures are predicted close to the DD* and D*D* thresh- 
olds ill]. The predicted line shape of dT I dmh^^\p)„ of 
(/'(4160) — » hcilP)7T^7T^ can explain the CLEO-c measure- 
ment of the /!c(lf')7r'^ invariant mass distribution from e^e^ — > 
hc{lP)n^n- at Ecm =4170 MeV H. 

If the ISPE mechanism is a universal one in the hidden- 
bottom dipion decays of heavy quarkonia, we can naturally 
apply this to study the decay behaviors of other higher bot- 
tomonia, and predict some novel phenomena. In Fig. [T] we 
present the mass spectra of bottomonia with j'''- - 1 
which are usually named as the Y family. The comparison of 
Y states with the BB threshold indicates that there are only 
three bottomonia just above the BB threshold. Other than 
Y( 10860) studied in Ref. il], Y(l 1020) can serve a good test- 
ing ground to study the hidden-bottom dipion decay involving 
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the ISPE mechanism, where Y( 11020) was first observed by 
the CUSB Collaboration H and the CLEO Collaboration H], 
and measured again by BaBar recently ifioll . 
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FIG. 1: (Color online.) The mass spectrum of Y family. Here, we 
also list the threshold of BB and make a comparison with Y states. 



Because the mass of Y( 11020) is above the sum of the 
masses of the emitted n and the intermediate B*^*' + B**', the 
pion initially emitted by Y(l 1020) plays a crucial role to make 
B**' and B'** have low momenta, which can easily interact with 
each other to transit into final states. This picture is named as 
the ISPE mechanism [[IJ]. In Fig. |2] we give the schematic 
diagrams for the hidden-bottom dipion decay of Y(l 1020). 

In this letter, the hidden-bottom dipion decays of Y(l 1020) 
include 



Y(11020)=>;r=' 



{BBr 

{BB* -H B*Br 

{B*B*r 



Y(15)7r+;r- 
hb{2P)T:*n- 



(1) 



where BB, BB* -1- B*B, and B*B* are the intermediate states 
contributing to the triangle loops. The superscript + or + de- 
notes the charges of pion or b'**B'** pair Diagrams (a) and 
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FIG. 2: The schematic hadron-level diagrams relevant to hidden- 
bottom dipion decay of T(l 1020) due to the ISPE mechanism. By re- 
placing T{nS ) with hi,{mP) in the final state, we obtain the schematic 
diagrams for T( 11020) -> hi,imP)n*7T' . 



(b) shown in Fig. |2]can be transformed into each other if con- 
sidering particle and antiparticle conjugation B^*' ^ B*** and 
71+ ^ 7T-. By interchanging ^ B<*'", B<*>- ^ B**'", 
and ;7r+ ^ tt , one can deduce other diagrams relevant to the 
hidden-bottom dipion decay of T(11020). We find that there 
exist 4, 12, and 8 diagrams for T( 11 020) — > T{nS)7T^7r^ decay 
via intermediate BB, BB* + B*B, and B*B*, respectively, and 
4, 8, and 8 diagrams for Y(11020) — » hi,{mP)n^ji^ via inter- 
mediate BB, BB* + B*B, and B*B*, respectively (see Ref. lH] 
for more details). 

Because we use hadron-level description to the hidden- 
bottom dipion decays of T(11020), the effective Lagrangian 
approach is an appropriate way to describe the decay ampli- 
tudes relevant to this process. The effective interaction La- 
grangians involved in our calculation are given by, inHIl 

-CT(11020)B<*'B">;r = 

-igTBBn^""'r^dMndpB + gr'B'Bnr''{BnB; + B;nB) 

-igT'B'B'.f^'"'%B:da7:B; - ihTB'B'.^'""'d,r,Bl7TB;, 

(2) 

igB-BAB'^M - Bff'nB;) - gB.B'nf^""Pd^Blnd,B}, 

(3) 

-Cr(nS)B''>B^'> — 

igrBBr^id^BB - Bff'B) - gTs.s£^''"''5^T,(5„B;B 
+Bd,B*p) - igrB'B'{r''{df,B*"B: - B*'d^B:) 
Hd^TyB*^ - Tyd^B*")B*i' + B*''{Tdf,Bl - df,TBl)], 

(4) 

■£'hi,{mP)B''^B''^ - 

gh,B-Bht(BB; + b;B) + igh,B'B-^'"'^d^,hi,yBlB; (5) 

with TT = T ■ 7?. In addition, we take B'*^ = (b(''+, B**'") and 
g(*)T _ B***"), which correspond to the bottom meson 

isodoublets. These effective Lagrangians presented in Eqs. 
©-(HI can be strictly derived, terms including epsilon tensor 
from Ref. fllll and other terms from Ref. fl3l . by extend- 
ing the symmetry from S U(4) to S U{5). Here, the four-point 
vertex Y( 11 020)BWb**V is described by Eq. ©. The first 
term in Eq. ^ is similar to the effective Lagrangian de- 



scribing a) [tt + p]l=i, except for the replacement of p 
by an anti-symmetric combination of two fields correspond- 
ing to the B and B mesons. Thus, T'nBB can be simplified 
as a 1" ^ [0" + basic process. The second term in 

Eq. Q reflects 1" ^ 0" -H [0" + 1"]l=o, while the third 
term in Eq. (|2l) is a 1" {0" + [1" + 1"]l=i)l=i process. 
In Eq. the fourth term is same as the third term, except 
for parity violation coupling to B*B*ji due to the V - A in- 
teraction. Eq. (O corresponds to the couplings of B*** and 
B**' mesons with pion, which are P-wave interactions, i.e., 
B**' -> [B'*' + 7!-]t=i. Eqs. (|4]i and Q show the interaction 
of bottomonia T{nS) and hb{mP) with B^*' and B**' mesons, 
respectively, where T{nS) — > [B^*' -i- B^*']/,=i interactions are 
typical P-wave couplings, while hhimP) — > [B^*' + B**^]/,=o 
are S-wave interactions. In the explanation presented above, 
the subscripts L = and L - 1 denote the interactions of the 
subsystems in the brackets [...] and (...) being S-wave and P- 
wave couplings, respectively. The coupling constants in Eq. 
(O satisfy the relation gB-B-n = "^^^ = ^- By using the 
branching ratio of D* — > Dn measured by CLEO-c ifTsIl and 
fn^ 132 MeV, one gets g = 0.59 (l^. In Eq. ©, there also 
exists the relation 



grBB — gYB'B' 
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where fr and nif denote the decay constant and the mass of 
T(«5'), respectively. In addition, the coupling constants in 
Eq. (|5]l are determined as 



ghBB' 



-2gi y/mi^mBinB', gh,,B'B' = 2gi 



niB- 



(6) 



with g\ - — ^J-j^j^, where m^^„ and f^^^ are the mass and 



the decay constant ofxboi^P), respectively ll^ 

Taking the process T(11020) ;r^{BB)^ ^ 

T{nS)n^7T^ , hh(mP)7T^jT^ as an example, we illustrate how to 
deduce the corresponding decay amplitudes. In Fig. [3l the 
ISPE mechanism gives the hadron-level diagrams depicting 
T(11020) ^ Ti^lBBf T(«5);r+7r-. We can easily obtain 
the diagrams for T(11020) ^ 7r+{BB)=^ -> hb(mP)ji^ji- by 
replacing T{nS) with hh{mP). 

The decay amplitude of Fig. [3](a) can be written as 

[-igr'BBnS^ivap^, {i/{){ip"){il^2^] 
><[igB-Bn(-ipi)][-gr{nS)B-BS6ye,p(ipt)e^(^„s)i-'q'^)] 



X- 



1 



1 



-g.\,l, + q,mlm\ 



™2 „2 



P\ -m-gp;- nig - m-. 



2 _ 



J^-^ [-igTBBnS^pa/se!^, HP^lXipDiip^-J] 
X [igB'Bni-ipAA)] [-gh.B'B^h.v] —A T "T" T 

Pi - mi p\ - m- 

q^ - mj^. 



(8) 
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FIG. 3: (Color Online) The hadron-level diagrams for Y( 11020) ^ 
TinSyn^n" (n = 1,2,3) decays with BB as the intermediate states. 
Replacing T(nS) with hi,{mP), we get all diagrams for Y(11020) — » 
ht,(mP)n*n'' decays. 



which corresponds to the process 

T(11020) ^ n-B\p,)B\p2) ^ ■r(nS){p^)n^{p,)n-{pi), 
or 

T(11020) ^ 7T-B\p^)B\p2) ^ hb{mP){p^)n\p^)n-{ps), 

where q denotes the momentum of the exchanged meson 
in transition -> T(«5)7r+7r-. We take T{q-) = (A^ - 

m^g.)l{q'^ — which denotes the monopole form factor to 
describe the vertex structure appearing in the BB — > Y(«5' 
transition. In addition, such form factor also plays an impor- 
tant role to compensate the off-shell effect of the exchanged 
_S^*' mesons. In general, the cutoff A can be parameterized 
as A = ^Aqcd + with Agco - 220 MeV. The decay 
amplitude of Fig. [3] (c) is given by Eq. (|7| or Eq. ([8]) by 
interchanging 754 and with each other, i.e.. 



Due to S U(2) symmetry, we find other relations of the decay 
amplitudes 



Mb - Ma, Md - Mc, 



(9) 



where decay amplitudes Mi (i - a, b, c, d) correspond to Fig. 
[3(0. Eq. ® make the total decay amplitudes of Y(11020) ^ 
rinS)n^7T- and T(11020) -> hb{inP)ji^n- be simpUfied as 



M^2{Ma + Mc) , 



(10) 



where the factor 2 reflects the S U{2) symmetry just consid- 
ered in this letter In Ref. Jst], we have listed the detailed 
diagrams and formulation of the hidden-charm dipion de- 
cays of higher charmonia, where we consider the intermediate 
DD*+D*D and D*D* contributions to higher charmonium de- 
cays by the ISPE mechanism. Thus, replacing {initial higher 
charmonium^ Y(11020)) and {D<*V5<*' ^ B^*'> /B^*'>}, one 



TABLE I: A summary of mass adopted in this letter 
Mass (MeV) [T] 
Y(11020) Y(35) Y(25) Y(15) /7i(lP) [ITJ h,,{2P) [HJ 
11019 10355 10023 9460 9898 10259 

B B' n 
5279 5325 140 



can obtain the corresponding decay amplitudes for Y(11020) 
hidden-bottom dipion decays via the intermediate BB* + B*B 
and B*B* (see Ref. lH for more details). 

With the above prescription, the differential decay width for 
Y(11020) decay into Y(n5' )7r^;7r" reads as 



dr. 



1 



1 



(271)- 



^^'"t(1102()) 



\M\^dm^^^g^^+dm^ 



(11) 



with »4j^^^^^^ = (p4 + p^)- and ot^+^_ = {p^ + p^f, where 
the overline indicates the average over the polarizations of 
the Y(11020) in the initial state and the sum over the po- 
larization of T{nS) in the final state. Replacing m-Y^„s)„+ 
with mhi,(,„p)„* , we obtain the differential decay width for 
Y(11020) — > hi,{mF)n^n^ . The values of the meson masses 
involved in the hidden-bottom dipion decays of Y(11020) are 
listed in Table. U 

In Fig. m we show the dependence of 

£/r(Y(11020) ^ r(jiS)n^n-)ldmy^„s)„^ and c/r(Y(11020) ^ 
hhimP)7T^7r^)/dmi,i^(„,p)„* on the Y(«5')7r^ and hh{mP)ji^ 
invariant mass spectra, respectively, where we take ^ = 1 . We 
need to specify that these numerical results listed in Fig. |4]are 
weakly dependent on the values of the parameter ^, which is 
consistent with that found in Ref. Because we only focus 
on the line shapes of c/r(Y(11020) T{nS)n'^7T^)/dmr(„s)n* 
and t/r(Y(11020) ^ hi,{mP)n^n-)ldmh, {mP)ii* , the maxima of 
the line shapes in Fig. |4]are normalized to be 1. 

Our theoretical calculation indicates (1) there exist explicit 
sharp peaks close to the BB* and B*B* thresholds in the 
Y(15');r^, T{2S)n*, and hi,{\P)n^ invariant mass spectrum 
distributions. In addition, we also find the reflections of these 
sharp peaks on the lower side of the invariant mass; (2) the 
broad structures close to the BB* and B*B* thresholds appear 
in the Y(35')7r^ invariant mass spectrum distribution, which 
are due to the overlapping peaks of two corresponding reflec- 
tions; (3) in the hh{2P)ji^ invariant mass spectrum, we also 
find a structure around BB* threshold, which is narrower than 
that appearing in the Y(35')7r^ invariant mass spectrum. In 
addition, we also find a small peak around B*B* and its reflec- 
tion, which are close to each other; (4) the intermediate BB 
contribution to the hidden-bottom dipion decays of Y(11020) 
does not give the phenomena similar to those from the inter- 
mediate BB* and B*B* states contributing to Y(11020) decays 
just described above. They just give broad background-like 
line shape. 

When compariiig the results shown in Fig. |4]with those of 
Figs. 3-4 in Ref. yl, we notice the differences between these 
results, which are mainly due to the change of mass of the 
initial state, i.e., the mass of Y(11020) is different from that of 
Y(55) (10860 MeV). 
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FIG. 4: (Color online.) The distribution of dr(Y(l 1020) ^ r(nS)n*n+)/dinr(„s)„+ and rfr(T(l 1020) ht(inP)n+n+)/dm,,i^f,„p^„* dependent 
on the Y(n5);r^ and h[,(mP)n* invariant mass spectra. Here, the results presented in the first, the second, and the third rows are from the 
intermediate BE, BB' + B'B, and B'B' contributions, respectively. The vertical solid and dashed lines denote the threshold of BB* + B'B and 
B'B', respectively. 



The comparison of line shapes in Fig. |4]indicates that the 
line shapes are dependent on the the definite hidden-bottom 
dipion decays of T(11020). Although we have obtained the 
peak structures just shown in Fig. |4] these are not typical 
Breit-Wigner type distributions when subtracting the contri- 
bution from the reflection. Thus, use of mass and width to 
specify these peak structures is not appropriate and realistic. 
In this work, we would like to emphasize that the sharp peak 
structures appear in the corresponding invariant mass spec- 
trum, which can be tested in future experiment. 

In conclusion, in this letter we study the hidden-bottom di- 
pion decays of Y(11020) by the ISPE mechanism, which has 
been first proposed in Ref. lU to study two charged Z/, struc- 
tures observed by Belle and has also been applied to inves- 
tigate the hidden-charm dipion decays of higher charmonia 
ISll. Furthermore, we predict the charged bottom-like struc- 
tures close to the BB* and B'B* thresholds, which exist in the 
T(«5)7r^ and lib{mP)n'^ invariant mass spectra of the hidden- 
bottom dipion decays of Y( 1 1020). Just indicated in this letter, 
these charged peak structures are predicted due to the ISPE 
mechanism, a peculiar effect inyojved in the decays of higher 
bottomonia and/or charmonia 1 1 . :5j . We must admit that there 
exists interference between background and the ISPE contri- 
butions, where in this work we do not include background 
contribution due to our ignorance to background contribution. 
To some extend, such interference effect could bring some un- 
certainty to our prediction. 

At present, there only exist the experimental measurements 
of the mass and width for T(11020) li-d while the infor- 



mation of its strong decay behaviors is still absent To 
some extent, the prediction presented in this letter could stim- 
ulate experimentalists' interest in carrying out further study 
on T(11020), especially on its hidden-bottom dipion decays. 
Besides Belle and BaBar, the forthcoming Belle II experi- 
ment ifisll will provide a good platform to study the properties 
of T(11020). In addition, the SuperB Factory has been ap- 
proved by the Italian government in the last year lfl9ll , which 
is also suitable to study the bottomonium decays. Here, we 
suggest these experimental search for the predicted charged 
bottomonium-like structures around the BB* and B*B* thresh- 
olds by the hidden-bottom dipion decays of T(11020), which 
will provide a crucial test on the ISPE mechanism 
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